Kinetic study of the DPPH antiradical activity of lipophilic tomato waste extracts by Stajčić Slađana M. et al.
APTEFF, 44, 1-321 (2013)    UDC: 66.094.097.8:547.979.8:66.061.18+635.64 
DOI: 10.2298/APT1344301S  BIBLID: 1450-7188 (2013) 44, 301-312 
Original scientific paper 
  301
 
 
 
 
KINETIC STUDY OF THE DPPH ANTIRADICAL ACTIVITY OF LIPOPHILIC 
TOMATO WASTE EXTRACTS 
 
Slađana M. Stajčić*, Gordana S. Ćetković, Sonja M. Djilas and  
Jasna M. Čanadanović-Brunet 
 
 
University of Novi Sad, Faculty of Technology Novi Sad, Bul. Cara Lazara 1, 21000 Novi Sad, Serbia 
 
  In this study, lipophilic tomato waste extracts (obtained from the Knjaz, Bačka, Saint 
Pierre, Rutgers and Novosadski niski genotypes) were analyzed to determine their lyco-
pene and β-carotene content, as well as their kinetics of antiradical activity. The kinetic 
behaviour of lipophilic tomato waste extracts and standard antioxidant compound (BHA) 
were investigated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical test. In addi-
tion, correlations between the contents of lycopene and β-carotene content and anti-
radical activity of lipophilic tomato waste extracts were also sought. The content of lyco-
pene in tomato waste extracts ranged from 4.29 ± 0.14 mg/g for Rutgers waste exract to 
22.64 ± 0.86 mg/g for Knjaz waste extract, while the content of β-carotene varied from 
2.48 ± 0.09 mg/g for Novosadski niski waste exract to 15.93 ± 0.56 mg/g for Knjaz waste 
extract. Based on the time required for the DPPH radical–extract  reaction to reach 
steady state, the investigated lipophilic extracts, as well as BHA can be classified as the 
antioxidants with slow (steady state ≥ 150 min) antiradical behaviour. A comparison of 
the efficient concentrations at different kinetic times (EC50,t) for the lipophilic tomato waste 
extracts and BHA showed that the DPPH antiradical activity decreased in the order of 
BHA > Knjaz > Bačka > Saint Pierre > Rutgers > Novosadski niski. The results of the 
correlation analysis suggest that lycopene is the main individual carotenoid responsible 
for the EC50,t values of the tomato waste extracts towards the stable DPPH radical. 
 
KEY WORDS: tomato waste, lycopene, β-carotene, DPPH antiradical activity, kinetic 
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INTRODUCTION 
 
  It is well known that free radicals may play an important role in the oxidation of 
unsaturated lipids in foods, as well as in oxidative cell damage in the human organism, 
which can lead to a variety of diseases (1). Antioxidants (such as polyphenols, carote-
noids, vitamin C and vitamin E) are able to intercept the free radical chain of oxidations, 
and therefore can find applications for increasing stability of foods or for protecting 
oxidative damage in living systems (2).  
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  Several methods have been proposed to measure the antioxidant activity of pure 
compounds and plant extracts, such as FRAP (Ferric Reducing Antioxidant Power), 
ORAC (Oxygen Radical Absorbance Capacity), ESR (Electron Spin Resonance), ABTS 
(2,2-azinobis(3-ethyl-benzothiazoline-6-sulphonate) and DPPH
• (2,2-diphenyl-1-picryl-
hydrazyl) (3). Usually, these determinations are based on a fixed endpoint which may not 
consider the different kinetic behaviour of the antioxidants. Some investigators have 
proposed kinetic parameters that can provide more complete information about anti-
oxidant properties (4-6) and suggested that the kinetics could be more important than the 
total antioxidant capacities determined at a fixed point (7, 8). Therefore, kinetic be-
haviour of antioxidant activity is an important characteristic that has to be investigated.  
  The selection of solvents with different polarities for a suitable extraction procedure 
may allow the evaluation of different potential antioxidants. In a number of studies, it 
was indicated that for a complete statement on the antioxidant capacity of different plant 
materials the antioxidant activity of their lipophilic and hydrophilic parts has to be 
investigated (9). In our previous paper, kinetic behaviour of the DPPH radical scavenging 
activity of hydrophilic extracts, obtained from tomato waste (remaining after juice 
processing from different tomato genotypes - Bačka, Knjaz, Novosadski niski, Rutgers 
and Saint Pierre), was investigate (10). Thus, the aim of this study was to evaluate the 
DPPH radical scavenging activity and kinetic behaviour of the lipophilic tomato waste 
extracts. Also, the linear correlation analysis was used to establish the relationship 
between the content of antioxidant compounds and antiradical activity. 
 
EXPERIMENTAL 
 
Chemicals and materials 
 
 Lycopene,  β-carotene, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2-tert-butyl-4-hyd-
roxyanisole (BHA), were obtained from Sigma (St. Louis, USA). All other chemicals and 
reagents were of the highest analytical grade. 
  Tomato genotypes (Bačka, Knjaz, Novosadski niski, Rutgers and Saint Pierre) grown 
in the fields of the Institute of Field and Vegetable Crops, Novi Sad, Serbia were taken 
for the experiments. The materials include new (Bačka, Knjaz and Novosadski niski) and 
traditional (Rutgers and Saint Pierre) genotypes.  
 
Waste preparation and extraction procedure 
 
  The dried tomato waste was prepared as reported in our previous paper (11). 
  Samples of dried tomato waste (10 g) were extracted with hexane at room tempe-
rature, using a high performance homogenizer, Heidolph DIAX 900 (Heidolph Instru-
ments GmbH, Kelheim, Germany). The extraction was performed three times with 160 
ml hexane for 10 min at room temperature. The total extraction time was 30 min. The 
obtained three extracts were combined and evaporated to dryness under reduced pressure.  
  The weights of the lipophilic extracts were: Bačka, m = 0.121 ± 0.005 g; Knjaz, m = 
0.085 ± 0.004 g; Novosadski niski, m = 0.706 ± 0.034 g; Rutgers, m = 0.828 ± 0.041 g; 
Saint Pierre, m = 0.461 ± 0.023 g. APTEFF, 44, 1-321 (2013)    UDC: 66.094.097.8:547.979.8:66.061.18+635.64 
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Determination of lycopene and β-carotene content 
 
 The  lycopene  and  β-carotene content in lipophilic extracts were determined according 
to the method of Nagata and Yamashita (12). The dried lipophilic extract (2 mg) was 
vigorously shaken with 20 ml of acetone-hexane mixture (4:6) for 1 min and ﬁltered 
through Whatman No. 4 ﬁlter paper. The absorbance of the ﬁltrate was measured at 453, 
505, 645 and 663 nm. Contents of lycopene and β-carotene were calculated according to 
the following equations: 
 
Lycopene (mg/100 ml) = -0.0458 A663 + 0.204 A645 + 0.372 A505 - 0.0806 A453      [1] 
  β-Carotene (mg/100 ml) = 0.216 A663 + 1.22 A645 - 0.304 A505 + 0.452 A453            [2] 
 
where A663, A645, A505 and A453 are the absorbances at 663, 645, 505 and 453 nm, 
respectively. The results were expressed as mg of carotenoid/g of extract. 
 
DPPH radical scavenging activity 
 
  The DPPH radical scavenging activity of the tomato waste extracts was determined 
spectrophotometrically using the DPPH
• method of Espin, Soler-Rivas and Wichers (13), 
modified for this assay. Briefly, a volume of 0.5 ml of solution of the lipophilic extract 
(0.1; 0.2; 1; 2; 3; 4; 5 i 10 mg/ml), in acetone/methanol (1/1, v/v) or 0.5 ml of ace-
tone/methanol (1/1, v/v) (control) was mixed with 1.5 ml of 90 μM methanolic solution 
of DPPH radical and 3 ml of methanol. The mixture was shaken vigorously and incu-
bated at room temperature for 150 min. The absorbance at 580 nm was measured at dif-
ferent intervals (after 10, 20, 60, 120 and 150 min) using a UV-1800 spectrophotometer 
(Shimadzu, Kyoto, Japan) against a blank that had been prepared in a similar manner as 
the control, by replacing the DPPH radicals solution with methanol. The amount of 
remaining DPPH
• in the reaction medium was calculated using the following equation:  
 
 
Amount of remaining DPPH
• (%) = 100×ASample/AControl                               [3] 
 
where AControl is the absorbance of the control reaction and ASample is the absorbance in the 
presence of the extract measured at different time intervals. 
 
  The efficient concentration at different times EC50,t (mg extract/mg
 DPPH
•) was the 
amount of the extracts in relation to the amount of initial DPPH
•, which was calculated 
using the following equation:   
 
EC50,t = IC50,t/[DPPH
•]t=0                                                                       [4] 
 
where IC50,t is the inhibitory concentration at different times, defined as the concentration 
of the extract (mg/ml) required to scavenge 50% of DPPH
• and [DPPH
•]t=0 is of the 
DPPH
• at t=0 min (mg/ml). BHA was used as reference radical scavenger. APTEFF, 44, 1-321 (2013)    UDC: 66.094.097.8:547.979.8:66.061.18+635.64 
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Statistical analysis 
 
  All measurements were performed in triplicate and the results are presented as mean 
±SD. The IC50 values were calculated using Microsoft Office Excel 2003. 
 
RESULTS AND DISCUSSION 
 
  The wastes from industrial processing of fruit and vegetables present problems for 
storage, transformation, or elimination, in both ecological and economic terms, but they 
also could be an alternative source of natural antioxidants (14, 15). Therefore, it is im-
portant to investigate antioxidant properties of wastes for testing the possibilities of their 
potential applications. 
  Tomatoes are one of the most widely used and versatile vegetable crops consumed as 
fresh or in the form of processed products such as tomato juice, paste, purée, ketchup, 
sauces and soups (9, 16). The by-product that remains after processing can still contain 
considerable amount of lipophilic (such as carotenoids, tocopherols, etc.) and hydrophilic 
(such as polyphenols, vitamin C, etc.) antioxidant phytochemicals (17-19).  
  In this study, the waste from different tomato genotypes (Bačka, Knjaz, Novosadski 
niski, Rutgers and Saint Pierre), obtained as by-products in juice processing, were used to 
prepare lipophilic tomato waste extracts. 
  The contents of carotenoids (lycopene and β-carotene) in lipophilic tomato waste 
extracts expressed as mg per g dry weight of extract, are shown in Table 1. Among the 
investigated extracts, the highest content of lycopene and β-carotene were found in Knjaz 
waste extract (22.64 ± 0.86 mg/g and 15.93 ± 0.56 mg/g, respectively). 
 
Table 1. The contents of antioxidant compounds in lipophilic tomato waste extracts 
 
Extracts Lycopene  (mg/g)  β-Carotene (mg/g) 
Bačka  13.10 ± 0.45  14.87 ± 0.62 
Knjaz  22.64 ± 0.86  15.93 ± 0.56 
Novosadski niski  6.43 ± 0.23  2.48 ± 0.09 
Rutgers  4.29 ± 0.14  6.22 ± 0.18 
Saint Pierre  9.08 ± 0.37  2.50 ± 0.10 
 
  The scavenging of stable DPPH radicals is a widely used method to evaluate anti-
oxidant activities because of its simplicity and accuracy (20). It is known that the DPPH 
radical is considered to be a model of a stable lipophilic radical (21). Therefore, the 
DPPH radicals assay is a suitable model system for testing the effects of lipophilic 
antioxidants, and the results of this assay provide information about the protective effects 
of the antioxidants in the oxidation of lipids. 
  Kinetic studies of the DPPH radical-extract reaction were performed to estimate the 
scavenging activity of the extracts as a function of time. The free DPPH radical is quite 
stable for more than 150 min at 20
oC in the reaction medium. Hence, it allows the evalu-APTEFF, 44, 1-321 (2013)    UDC: 66.094.097.8:547.979.8:66.061.18+635.64 
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ation of the radical scavenging activity of the extracts within that time. The decrease in 
the absorbance was determined at 580 nm because of the interfering carotenoids at 515 
nm (22).  
  The data showed that the DPPH radical solution was bleached with all the samples 
tested. However, differences could be observed through different concentrations of ex-
tracts used. The kinetics of the DPPH radical annihilation by different tomato waste ex-
tracts are shown in Figures 1-5. Immediately after the addition of the tomato waste 
extracts to the reaction medium, the absorbance dropped due to the decrease of DPPH ra-
dical concentration in the medium. Clearly, the highest rate of DPPH radical decay 
occurred within the first 10 min of the reaction. However, the extract solutions main-
tained their antioxidant effect until the end of the experiment (150 min). 
 
 
 
Figure 1. Kinetic behaviour of Bačka tomato waste extract. Concentrations of the 
extracts in the medium are: - 0; ♦ 0.93; ■ 1.85; ▲ 9.26 mg extracts/mg DPPH
•. 
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Figure 2. Kinetic behaviour of Knjaz waste extract. Concentrations of the extracts in the 
medium are: - 0; ♦ 0.93; ■ 1.85; ▲ 9.26 mg extracts/mg DPPH
•. 
 
 
Figure 3. Kinetic behaviour of Novosadski niski tomato waste extract. Concentrations of 
the extracts in the medium are: - 0; ♦ 0.93; ■ 1.85; ▲ 9.26; : - 0; ♦ 0.93; ■ 1.85; ▲ 9.26; 
○ 18.52; * 27.50; ∆ 37.04; × 46.30 and □ 92.59 mg extracts/mg DPPH
•. 
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Figure 4. Kinetic behaviour of Rutgers tomato waste extract. Concentrations of the 
extracts in the medium are: - 0; ♦ 0,93; ■ 1,85; ▲ 9,26; ○ 18,52; * 27,50; ∆ 37,04; 
 × 46,30 and □ 92,59 mg extracts/mg DPPH
•. 
 
 
Figure 5. Kinetic behaviour of Saint Pierre tomato waste extract. Concentrations of the 
extracts in the medium are: - 0; ♦ 0,93; ■ 1,85; ▲ 9,26; ○ 18,52; * 27,50; ∆ 37,04; 
 × 46,30 and □ 92,59 mg extracts/mg DPPH
•. 
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  Based on the time required for the reaction to reach a steady state, diferent reaction 
kinetic types (for example, rapid <5 min, intermediate 5–30 min and slow >30 min) were 
found (6, 23, 24). According to our previous findings (10), the hydrophilic tomato waste 
extracts are classified as showing a slow (or more precisely - very slow) behaviour. For 
all lipophilic tomato waste extracts, a steady state was not attained even after 150 min of 
the reaction. Thus, the investigated lipophilic extracts can be classified as antioxidants 
with slow kinetic behaviour. At each time, it was possible to compare the antioxidant ac-
tivity of the extracts (23). For example, in the presence of 9.26 mg of Rutgers extract per 
mg DPPH radicals, after 150 min, about 86.44 % of the initial DPPH radicals remained in 
the medium. In the presence of the same concentration of Knjaz extract, 6.05 % of initial 
DPPH radicals remained in the medium  after the same time. 
 The  concentration  (EC50,t) of the tomato waste extract and reference radical scavenger 
(BHA) required to decrease twofold the DPPH radical concentration at the chosen 
reaction time (10, 20, 60, 120 and 150 min) were calculated. A lower EC50,t value indi-
cates a higher DPPH radical scavenging activity. The EC50,t values of tomato waste ex-
tracts and BHA, as well as their kinetic classification are presented in Table 2. A com-
parison of the EC50,t values for the extracts showed that the DPPH radical scavenging 
activity of the extracts decreased in the order of Knjaz > Bačka > Saint Pierre > Rutgers > 
Novosadski niski. It was also observed that the EC50,t values of the tomato waste extracts 
were higher than those of the individual antioxidant compound (BHA). 
 
Table 2. EC50,t  (mg extract/mg
 DPPH
•) values of tomato waste extracts and BHA, as well as 
their kinetic classification; the results are mean values of three determinations ± standard 
deviation. Range of time to reach steady state: ≥ 150 min; kinetic classification: slow. 
 
Time 
(min) 
Genotype 
BHA 
Bačka Knjaz  Novosadski 
niski  Rutgers Saint  Pierre 
10  8.16 ± 0.35  6.34 ± 0.30  73.23 ± 3.22  64.17 ± 3.08  18.87 ± 0.84  0.32 
20  7.38 ± 0.32  5.65 ± 0.26  60.95 ± 2.60  45.41 ± 2.64  18.12 ± 0.87  0.27 
60  5.95 ± 0.25  5.17 ± 0.23  43.69 ± 2.10  40.77 ± 1.79  15.19 ± 0.65  0.24 
120  5.56 ± 0.26  4.98 ± 0.20  41.67 ± 1.80  39.91 ± 1.63  13.27 ± 0.59  0.17 
150  5.24 ± 0.21  4.88 ± 0.18  39.86 ± 1.64  39.31 ± 1.57  12.45 ± 0.54  0.15 
 
  The linear correlation analysis was used to ascertain the relationships between the 
individual parameters and establish their relative importance in the antioxidant status of 
tomato waste extracts. The contents of lycopene and β-carotene were correlated with the 
DPPH radical scavenging activity expressed as EC50,t  (Table 3). The DPPH radical sca-
venging activities were highly associated with the content of lycopene (|r| > 0.78). Also, 
the high degree of correlation existed between the DPPH radical scavenging activity and 
β-carotene content in tomato waste extracts (|r| > 0.69). 
  The results of the correlation analysis suggest that lycopene is the main individual 
carotenoid responsible for the EC50,t values of the tomato waste extracts towards the 
stable DPPH radical. This is consistent with the findings of Sánchez-Moreno et al. (9), 
who also reported that lycopene is the main individual carotenoid responsible for the APTEFF, 44, 1-321 (2013)    UDC: 66.094.097.8:547.979.8:66.061.18+635.64 
DOI: 10.2298/APT1344301S  BIBLID: 1450-7188 (2013) 44, 301-312 
Original scientific paper 
  309
EC50 value towards the stable DPPH radical of the organic tomato purée fraction. Some 
authors have found that lycopene is the most important compound in the lipophilic phase 
in tomatoes in the ABTS/H2O2/HRP (horseradish peroxidase) radical scavenging system 
(25). Other authors have not recognised in tomato a correlation between the antiradical 
efficiency parameter in the DPPH
• model and the lycopene content, probably because the 
extraction/solubilisation of lycopene required a more apolar solvent than the ethanol used 
(9, 26). 
 
Table 3. Correlation coefficients (r) between the studied parameters (lycopene/β-carotene 
content and EC50,t ) 
 
Carotenoid EC50,10 min EC50,20 min EC50,60 min EC50,120 min EC50,150 min 
Lycopene  -0.79 -0.78 -0.81 -0.80 -0.80 
β-Carotene -0.69 -0.74 -0.73 -0.70 -0.69 
 
  In the study of Jiménez-Escrig et al. (22), it was found that lycopene was much more 
reactive than the other carotenoids tested. Considering this, significantly higher anti-
oxidant activity of Bačka and Knjaz waste extracts can be attributed to the higher content 
of lycopene in these extracts. According to the previous studies, the mechanism of action 
for lycopene towards the reactive species can be predicted through three possible ways: 
(I) adduct formation (Lycopene + R
• → R-Lycopene
•), (II) electron transfer to the radical 
(Lycopene + R
• → Lycopene
•+ + R
-) and (III) allylic hydrogen abstraction (Lycopene + 
R
• → Lycopene
• + RH) (27, 28). Termination reactions do not necessarily have to lead to 
the termination of the antiradical activity. Oxidation products and their degradation pro-
ducts may further be reactive towards the DPPH radicals (28). Since, the determination of 
antiradical activity of mixtures is far more complicated than the determination of anti-
radical activity of individual antioxidants, it is difficult to explain the mechanism of anti-
radical activity of the extracts. 
 
CONCLUSION 
 
  In this work, lycopene and β-carotene content, as well as the kinetics of antiradical 
activity of lipophilic tomato waste extracts (obtained from Knjaz, Bačka, Saint Pierre, 
Rutgers and Novosadski niski genotypes) were determined. The kinetic behaviour of 
lipophilic tomato waste extracts and standard antioxidant compound (BHA) were investi-
gated using the DPPH radical test.  
  Among the investigated extracts, the highest contents of lycopene and β-carotene 
were found in the Knjaz waste extract (22.64 ± 0.86 mg/g and 15.93 ± 0.56 mg/g, res-
pectively). 
  The expression of the results in terms of the kinetic approach not only takes into 
account the activity of an antioxidant, but also provides information on how quickly the 
antioxidant acts. For all lipophilic tomato waste extracts, a steady state was not attained 
even after 150 min of DPPH radical–extract reaction. Thus, the investigated lipophilic 
extracts can be classified as antioxidants with slow kinetic behaviour. APTEFF, 44, 1-321 (2013)    UDC: 66.094.097.8:547.979.8:66.061.18+635.64 
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  A comparison of the EC50,t values for the extracts showed that the DPPH radical sca-
venging activity of the extracts decreased in the order of Knjaz > Bačka > Saint Pierre > 
Rutgers > Novosadski niski. It was also observed that the EC50,t value of the tomato waste 
extracts were higher than those of the individual antioxidant compound (BHA).  
  The high degree of correlation was found between the DPPH radical scavenging 
activity and the content of lycopene (|r| > 0.78) and β-carotene (|r| > 0.69) in tomato waste 
extracts. 
  Further research of antioxidant compounds in tomato waste is required to establish 
their bioavailability and real benefits in vivo and possibilities of potential applications. 
 
Acknowledgеments 
 
  This research is part of the Project TR 31044, financially supported by the Ministry of 
Education, Science and Technological Development of the Republic of Serbia. 
 
REFERENCES 
 
1.  Halliwell, B.: Reactive oxygen species in living systems: Source, biochemistry, and 
role in human disease.  Am. J. Med. 91 (1991) 14 -22. 
2.  Kroyer, G.Th.: Red clover extract as antioxidant active and functional food ingre-
dient. Innovat. Food Sci. Emerg. Tech. 5 (2004) 101-105. 
3.  Scherer,  R.,  Godoy, H.T.: Antioxidant activity index (AAI) by 2,2-diphenyl-1-
picrylhydrazyl method. Food Chem. 112 (2009) 654-658. 
4.  Brand-Williams, W., Cuvelier, M.E., Berset, C.: Use of a free radical method to eva-
luate antioxidant activity. Food Sci. Technol.-Lebensm.-Wiss. Technol. 28 (1995) 25-
30. 
5.  Perez-Jimenez, J., Saura-Calixto, F.: Anti-oxidant capacity of dietary polyphenols de-
termined by ABTS assay: A kinetic expression of the results. Int. J. Food Sci. Tech. 
43 (2008) 185-191. 
6.  Sanchez-Moreno, C., Larrauri, J.A., Saura-Calixto, F.: A procedure to measure the 
antiradical efficiency of polyphenols. J. Sci. Food Agr. 76 (1998) 270-276. 
7.  Goupy, P., Dufour, C., Loonis, M., Dangles, O.: Quantitative kinetic analysis of hyd-
rogen transfer reactions from dietary polyphenols to the DPPH radical. J. Agric. Food 
Chem. 51 (2003) 615-622. 
8.  Terpinc, P., Bezjak, M., Abramovič, H.: A kinetic model for evaluation of the 
antioxidant activity of several rosemary extracts. Food Chem. 115 (2009) 740-744. 
9.  Sánchez-Moreno, C., Plaza, L., de Ancos, B., Cano, M.P.: Impact of high-pressure 
and traditional thermal processing of tomato purée on carotenoids, vitamin C and 
antioxidant activity. J. Sci. Food Agric. 86 (2006) 171-179. 
10. Savatović, S.M., Ćetković, G.S., Čanadanović-Brunet, J.M., Djilas, S.M.: Kinetic 
behaviour of the DPPH radical-scavenging activity of tomato waste extracts. J. Serb. 
Chem. Soc. 77 (2012) 1381-1389.  
11. Ćetković, G., Savatović, S., Čanadanović-Brunet, J., Djilas, S., Vulić, J., Mandić, A., 
Četojević-Simin, D.: Valorisation of phenolic composition, antioxidant and cell 
growth activities of tomato waste. Food Chem. 133 (2012) 938-945. APTEFF, 44, 1-321 (2013)    UDC: 66.094.097.8:547.979.8:66.061.18+635.64 
DOI: 10.2298/APT1344301S  BIBLID: 1450-7188 (2013) 44, 301-312 
Original scientific paper 
  311
12. Nagata, M., Yamashita, I.: Simple method for simultaneous determination of chloro-
phyll and carotenoids in tomato fruit. J. Jpn. Soc. Food Sci. Technol. 39 (1992) 925-
928. 
13. Espin, J.C., Soler-Rivas, C., Wichers, H.J.: Characterisation of the total free radical 
scavenger capacity of vegetable oils and oil fractions using 2,2-diphenyl-1-picryl-
hydrazyl radical. J. Agric. Food Chem. 48 (2000) 648-656.  
14. Alonso, A.M., Guillen, D.A., Barroso, C.G., Puertas, B., Garcia, A.: Determination of 
antioxidant activity of wine byproducts and its correlation with polyphenolic content. 
J. Agric. Food Chem. 50 (2002) 5832-5836.  
15. Arvanitoyannis, I.S., Ladas, D., Mavromatis, A.: Potential uses and applications of 
treated wine waste: a Review. Int. J. Food Sci. Tech. 41 (2006) 475-487.  
16. De Sousa, A.S., Borges, S.V., Magalhães, N.F., Ricardo, H.V., Azevedo, A.D.: 
Spray-Dried Tomato Powder: Reconstitution Properties and Colour. Braz. Arch. Biol. 
Tech. 51 (2008) 807-814. 
17. Toor, R.K., Savage, G.P.: Antioxidant activity in different fractions of tomatoes. Food 
Res. Int. 38 (2005) 487-494. 
18. Del Valle, M., Cámara, M., Torija, M.-E.: Chemical characterization of tomato 
pomace. J. Sci. Food Agr. 86 (2006) 1232-1236. 
19. Peschel, W., Sanchez-Rabaneda, F., Diekmann, W., Plescher, A., Gartzìa, I., Jiménez, 
D., Lamuela-Raventós, R., Buxaderas, S., Codina, C.: An industrial approach in the 
search of natural antioxidants from vegetable and fruit wastes. Food Chem. 97 (2006) 
137-150. 
20. Moon, J.K., Shibamoto, T.: Antioxidant assays for plant and food components. J. 
Agric. Food Chem. 57 (2009) 1655-1666.  
21. Gregor, W., Grabner, G., Adelwohrer, C., Rosenau, T., Gille, L.: Antioxidant pro-
perties of natural and synthetic chromanol derivatives: study by fast kinetics and 
electron spin resonance spectroscopy. J. Org. Chem. 70 (2005) 3472-3483. 
22. Jiménez-Escrig, A., Jiménez-Jiménez, I., Sánchez-Moreno, C., Saura-Calixto, F.: 
Evaluation of free radical scavenging of dietary carotenoids by the stable radical 2,2-
diphenyl-1-picrylhydrazyl. J. Sci. Food Agr. 80 (2000) 1686-1690. 
23. Kansci, G., Dongo, E., Genot, C.: 2,2-Diphenyl-1-picrylhydrazyl (DPPH
•) test 
demonstrates antiradical activity of Dorstenia psilurus and Dorstenia ciliata plant 
extracts. Nahrung. 47 (2003) 434-437. 
24. Xu, J., Chen, S., Hu, Q.: Antioxidant activity of brown pigment and extracts from 
black sesame seed (Sesamum indicum L.). Food Chem. 91 (2005) 79-83. 
25. Cano, A., Acosta, M., Arnao, M.B.: Hydrophilic and lipophilic antioxidant activity 
changes during on-vine ripening of tomatoes (Lycopersicon esculentum Mill.). 
Postharvest Biol. Technol. 28 (2003) 59-65.  
26. Martínez-Valverde, I., Periago, M.J., Provan, G., Chesson, A.: Phenolic compounds, 
lycopene and antioxidant activity in commercial varieties of tomato (Lycopersicum 
esculentum). J. Sci. Food Agric. 82 (2002) 323-330.  
27. Krinsky, N.I., Johnson, E.J.: Carotenoid actions and their relation to health and 
disease. Mol. Aspects Med. 26 (2005) 459-516.  APTEFF, 44, 1-321 (2013)    UDC: 66.094.097.8:547.979.8:66.061.18+635.64 
DOI: 10.2298/APT1344301S  BIBLID: 1450-7188 (2013) 44, 301-312 
Original scientific paper 
  312 
28. Kong, K.-W., Khoo, H.-E., Prasad, K.N., Ismail, A., Tan, C.-P., Rajab N.F.: Review, 
Revealing the power of the natural red pigment lycopene. Molecules. 15 (2010) 959-
987. 
 
 
ИСПИТИВАЊЕ КИНЕТИКЕ DPPH АНТИРАДИКАЛСКЕ АКТИВНОСТИ 
ЛИПОФИЛНИХ ЕКСТРАКАТА ОТПАДА ПАРАДАЈЗА 
 
Слађана М. Стајчић, Гордана С. Ћетковић, Соња М. Ђилас и  
Јасна М. Чанадановић-Брунет 
 
Универзитет у Новом Саду, Технолошки факултет Нови Сад, Булевар Цара Лазара 1, 21000 Нови Сад, Србија 
 
  У овом раду су анализирани липофилни екстракти отпада парадајза (добијени 
од генотипова Књаз, Бачка, Saint Pierre, Rutgers и Новосадски ниски) са циљем од-
ређивања садржаја ликопена и β-каротена, као и кинетике њихове антирадикалске 
активности.  Кинетичко  понашање  липофилних  екстраката  отпада  парадајза  и 
стандардног антиоксидативног једињења (BHA) испитано је 2,2-дифенил-1-пикрил-
хидразил (DPPH) радикал тестом. Поред тога, изведена је и корелациона анализа 
између садржаја ликопена и β-каротена и антирадикалске активности липофилних 
екстраката отпада парадајза. Садржај ликопена у екстрактима отпада парадајза из-
носио је од 4,29 ± 0,14 mg/g за екстракт отпада Rutgers до 22,64 ± 0,86 mg/g за 
екстракт отпада Књаз, док је садржај β-каротена био у опсегу од 2,48 ± 0,09 mg/g за 
екстракт отпада Новосадски ниски до 15,93 ± 0,56 mg/g за екстракт отпада Књаз. 
На основу времена потребног за успостављање динамичке равнотеже DPPH ради-
кал-екстракт реакције, испитивани екстракти, као и BHA показали су споро (≥ 150 
mиn) антирадикалско понашање. Поређењем ефективних концентрација у разли-
читим кинетичким временима (EC50,t) липофилних екстраката отпада парадајза и 
BHA утврђен је следећи редослед DPPH антирадикалске активности: BHA > Књаз 
> Бачка > Saint Pierre > Rutgers > Новосадски ниски. Резултати корелационе анали-
зе указују да је ликопен најодговорнији каротеноид за EC50,t вредности екстраката 
отпада парадајза према стабилном DPPH радикалу. 
 
Кључне речи: отпад парадајза, ликопен, β-каротен, DPPH антирадикалска актив-
ност, кинетичко понашање 
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